Abstract
Introduction
Characterization of animal genetic resources (AnGR) involves activities associated with the identification, quantitative and qualitative description, documentation of breed populations, the natural habitats and production systems to which they are not adapted. Since the beginning of the 1990s, molecular data have become more and more relevant for the characterization of genetic diversity [1] . In 1993, FAO working group proposed a global program for characterization of AnGR, including molecular genetic characterization and formulated the secondary guidelines: Measurement of domestic animal diversity.
Indigenous chicken have an inherent scavenging and nesting habit. Years of natural selection under scavenging conditions, has made them tough and resistant to various diseases, especially to those caused by bacteria, and protozoa and other internal and external parasites; they have better survival than the commercial hybrid strains under village production conditions. However, the village chicken is a poor egg producer, laying on average 40-60 eggs per year in three or four clutches, with an average egg weight of around 35-45 g. They generally have small body size; for various chicken breeds, mature body weight varies between 1.3 and 1.9 kg for males and between 1.0 and 1.4 kg for females.
Molecular genetic characterization explores polymorphism in selected protein molecules and deoxyribonucleic acid (DNA) markers in order to measure genetic variation at the population level. To obtain a Available at www.veterinaryworld.org/Vol.8/August-2015/5.pdf better knowledge of AnGR, of their present and potential future uses for food and agriculture in defined environments, and their current state as distinct breed populations. In poultry, different genetic marker systems have successfully been used for estimation of genetic variability. They were DNA fingerprints, RAPDs, and microsatellites. Recently, the determination of heterozygosity and genetic distances based on microsatellite markers is regarded as a most convenient tool, and many microsatellite loci are available in chicken. These tandem repeated DNA segments show extensive allelic differences in length based mainly on variation in the number of repeats and, partly, in adjacent regions. These studies are important for understanding the history of species, and for testing hypotheses regarding evolutionary processes. Currently, microsatellites are most commonly used, and successful application of this sort of markers in diversity studies has been reported for all major livestock species [2] [3] [4] [5] [6] . Microsatellites have proven to be an extremely valuable tool for genome mapping in many organisms, but their applications span over different areas ranging from forensic DNA studies to population genetics and conservation/management of biological resources.
The Indian chicken ecotypes consisted of different phenotypes of almost centuries of natural selection and reared by smallholder farmers across distinct agro-ecological regions. To date, however, no investigation has yet been directed toward the use of microsatellite markers to study the genetic variability of these ecotypes, despite a large number of microsatellite primers published in scientific literature. Despite the importance of native chicken in tribal/rural areas, information is lacking on their genetic makeup with respect to genetic variability, genetic relationships, performance, adaptability and resistance to diseases. In this context, this study of diversity in indigenous chicken ecotypes based on appropriate microsatellite panel in Karnataka was taken up.
Materials and Methods

Ethical approval
This research was approved by the Local Ethics Committee of Veterinary College, Bangalore, Karnataka Veterinary, Animal and Fisheries sciences University, as per LPM/IAEC/77/2011 dated 20-01-2011.
Experimental birds
The indigenous chicken belonging to Ramnagara, Bangalore rural and Chikkaballapur districts of Bangalore division and Chamarajnagara, Mysore and Mandya districts of Mysore division of Karnataka state ( Figure-1 ) maintained at AICRP on Poultry for Meat, Veterinary College, Hebbal formed the material for the present study. 35 randomly chosen adult birds from each of the above districts formed the research sample for the present study.
The birds belonging to the six districts were wing banded at the hatch from randomly collected fertile eggs in respective districts. The birds chosen in each district belonged to three hatches and were badged while allocating to breeding pens after growing phase. The wing bands and serial numbers were noted down at the time of blood collection from each bird. The serial numbers for each district were maintained on the 2 ml Eppendorf tubes and subsequent tubes until the successful amplification of desired segment in each marker. The numbers were maintained until genotyping and further statistical analysis.
Primer and DNA collection 20 primer pairs corresponding to microsatellite regions of chicken autosomes 1, 2, 3, 4, 5, 6, 7, 8, 10, 13, 14, 17 , and 23 were identified by review of literature (Table-1 ). The procedure recommended by Khosravinia et al. [2] with little modifications for DNA extraction from whole fresh avian blood was adopted.
Polymerase chain reaction (PCR) details
PCR reactions were set up on clean benches with autoclaved lab disposables like micro tips, PCR tubes, 1.5-2.0 ml Eppendorf tubes and autoclaved milliq water ensuring proper thawing, mixing of PCR reaction components and cold chain of around 4°C. The standard PCR protocol was followed for amplifying all the microsatellite regions. The standard 12% non-denaturing polyacrylamide gel (PAGE) was performed for detection of allele size on all PCR products belonging to 20 microsatellite loci.
Genotyping
The silver staining was adopted for staining of PAGEs in this study. The improved staining method developed by Halima et al. [7] . The same technique with little modification was adopted in this study. Each of the lanes with clearer bands was compared with the 50 bp ladder lane to genotype each sample.
Statistical analysis
The data obtained regarding genotypes of 20 microsatellite regions for six ecotypes of Bangalore and Mysore divisions in base pair format was utilized as input file for GenAlex 6.5b5 in order to obtain genetic distances, and Wright's F-statistics.The dendrogram was obtained from the POPGENE software. The Polymorhic information for each marker was obtained from MS tools programme.
Results and Discussion
Polymorphic information content (PIC) values
The PIC values of 20 loci for all the six ecotypes are presented in the Table- 
Heterozygosity values
The heterozygosity values are depicted in Table- 3. The mean H 0 over all loci was lowest for Bangalore Rural with a value of 0.855 and highest for Chickaballapura with a value of 0.868. The mean H e over all loci was lowest for Bangalore rural with a value of 0.685 and highest for Chamrajnagara with a value of 0.803. The mean uH e over all loci was lowest for Bangalore Rural with a value of 0.698 and highest for Chamrajnagara with a value of 0.815. The mean 'F' value over all loci was lowest for Bangalore Rural with a value of −0.256 and highest for Chamrajnagara with a value of −0.066.
Genetic distances
Among the 15 pairs of ecotypes studied, the chickens of Ramanagara and Chamrajnagara were most distant with a Nei's genetic distance value of 0.22. The chickens of Bangalore rural and Mysore were least distant with a value of 0.056. The Ramanagara and Chamrajnagara pair had Nei's genetic identity value of 0.802, which is least among all pairs of ecotypes. The Bangalore Rural and Mysore had maximum Nei's genetic identity with a value of 0.946 among all the pairs of ecotypes (Table-4) . Among the 15 pairs of ecotypes studied, the chicken of Ramanagara and Chamrajnagara were most distant with an unbiased Nei's genetic distance value of 0.159. The chicken of Ramanagara and Bangalore Rural were least distant with a value of 0.011. The Ramanagara and Chamrajnagara pair had Unbiased Nei's genetic identity value of 0.852 which is least among all pairs of ecotypes. The Ramanagara and Bangalore Rural had maximum unbiased Nei's genetic identity with a value of 0.989 among all the pairs of ecotypes (Table-5 ). The genetic distance between populations provides a relative estimate of the time elapsed since the subdivisions existed as a single population and helps in characterizing the breeds or lines. Among the 15 pairs of ecotypes, Nei's genetic distance was in the range of 0.056-0.22. The similar trend was observed for Nei's unbiased genetic distances as well for the 15 pairs of ecotypes. The Nei's standard genetic distances reported by Chang et al. [3] were moderate to high (0.59-0.93). The findings of Sangwon et al. [4] were in conformity with our genetic distance values. The genetic distance of such magnitude is predictable for the ecotypes which are not completely isolated from each other for a longer number of generations and they are also not subjected to differential selection pressures. The exchange of genes between populations homogenizes allele frequencies between populations and determines the relative effects of selection and genetic drift. High gene flow precludes local adaptation (i.e. the fixation of alleles, which are favored under local conditions), and will therefore also impede the process of speciation [8] . 
Dendrogram
The dendrogram was constructed on the basis of genetic distance [9] and neighbor-joining methods following un-weighted pair-group method using arithmetic averages. There were five main nodes from which the six ecotypes evolved on the basis 20 microsatellite markers used in this study (Figure-2) . Nodes four and two drifted from five and were geographically isolated for a prolonged number of generations represented in time units of 2.24 and 4.03, respectively. The node three and Mysore drifted from four and were geographically separated for a prolonged number of generations represented in time units of 1.56 and 5.45, respectively. The Ramanagara ecotype and node one drifted from node three in the recent past and geographically isolated in time units of 3.88 and 1.10, respectively. Bangalore Rural and Chickaballapura ecotypes drifted from node one, evolved into current type by geographical isolation for a time unit of 2.79. Mandya and Chamrajnagara ecotypes were evolved from node two by drifting and geographical isolation for a time unit of 3.65 (Table-6 ). The accuracy of a reconstructed tree also depends on a tree making method and distance measures used. Nei [10] suggested that although this result is discouraging it must be accepted due to the stochastic nature of gene substitution and that one cannot be over confident about the evolutionary tree reconstructed from electrophoretic data. There were five main nodes from which the six ecotypes evolved on the basis of 20 microsatellite markers used in this study. Nodes four and two drifted from five and were geographically isolated for a prolonged number of generations represented in time units of 2.24 and 4.03 respectively. The node three and Mysore drifted from four, geographically separated for a prolonged number of generations represented in time units of 1.56 and 5.45 respectively. The Ramanagara ecotype and node one drifted from node three in the recent past and geographically isolated in time units of 3.88 and 1.10 respectively. Bangalore Rural and Chickaballapura ecotypes drifted from Node one, evolved into current type by geographical isolation for a time unit of 2.79. Mandya and Chamrajnagara ecotypes were evolved from node two by drifting and geographical isolation for time unit of 3.65. This study indicates that the four ecotypes Ramnagara, Bangalore Rural, Chickaballapura and Mysore are genetically identical due to their common ancestral evolution while, Mandya and Chamrajnagara ecotypes formed a relatively different cluster due to a separate common ancestral chicken population and less number of generations since drifting from bifurcation node.
Wright's F-statistics
The F IS was in the range of −0.475 in MCW123 to 0.551 in MCW183. The F IT was in the range of −0.430 in MCW123 to 0.598 in MCW183. The F ST was in the range of 0.012 in MCW123 to 0.104 in MCW183. The F ST values calculated by frequency option ( Table-7 ) was highest (0.032) for Bangalore Rural and Chamrajnagara pair while lowest (0.011) for Mandya's pairing with two other districts of Mysore division. Complimentary to the above trend, the number of migrants (N m ) between the ecotype pairs was lowest (7.587) for Bangalore Rural and Chamrajnagara pair, while highest (around 22) for Mandya's pairing with two other districts of Mysore division. Fixation indices give an idea about the population structure in terms of the inbreeding coefficient and population differentiation. The F and F IS measures "the Ho expressed as a fraction of H e and deviation from 1" for each of the locus/all loci in each ecotype and over all populations for each locus, respectively. The former takes into account individual locus H 0 and H e values while later considers mean H 0 and H e values of all ecotypes for each of the locus. They are influenced by the deviation of H e from H 0 . The values were on the positive side for loci with lower H 0 than H e and are on the negative side for loci with higher H 0 than H e . The values indicate the extent of fixation of alleles in each of the loci. The F values were positive for only three loci namely MCW183, MCW067 and MCW014 indicating relatively better allele fixation in these loci compared to remaining seventeen loci which had negative F values. The mean F per ecotype over all loci was lowest for Bangalore Rural with a value of −0.256 and highest for Chamrajnagara with a value of −0.066 indicating better allele fixation in Chamrajnagara ecotype among all ecotypes. The values were in conformity with the ranges reported by Pirany et al. [11] . The F IS was in the range of −0.475 in MCW123 to 0.551 in MCW183. The range of FIS in the present study was wider compared to the reports of −0.29 to 0.38 and −0.135 to 0.137 by Pirany et al. [11] , respectively. The difference can be ascribed to the difference in the microsatellite markers utilized, mutation rates in genetic groups and varied selection intensities for traits linked to microsatellite markers. The H t is similar to H e except that the former is a measure of expected heterozygosity over all the ecotypes while later is restricted to one population. The behavior of H t values is similar to that of H e . The values are directly proportional to the polymorphism of loci. The similar range of H t values was reported by Pirany et al. [11] . Fixation indices such as F IS , F IT and F ST give an idea about the population structure in terms of inbreeding coefficient and population differentiation [12] .
The F IT was in the range of −0.430 in MCW123 to 0.598 in MCW183 with a mean of −0.101 over all loci and ecotypes in the present study. For the interpretation of F ST , it has been suggested that a value lying in the range 0-0.05 indicates little genetic differentiation; a value between 0.05 and 0.15, moderate differentiation; a value between 0.15 and 0.25, [13] . The F ST values in the present study were lower than those reported by FAO and Nei [9, 14] .
Conclusions
Twenty microsatellite markers based genetic diversity study on six indigenous ecotypes indicated lower genetic distances as well as lower F ST values compared to those values between distinguished breeds reported. There were two main clusters, which differentiated into six ecotypes. They may differentiate into more distinct varieties if bred in isolation for a longer number of generations.
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